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The present invention relates to diamond coated ' ' 
workpieces and more p an improyed, , ^. 

CVD diamond coated twist drills 

Its hardness and thermal properties are but two 
of the characteristics that make diamond. useful, in. a :.;/5. 
variety of industrial components. Initially, natural dia- 
mond was used in a variety of abrasive applications. 
With the ability to synthesize diamond by high pres- 
sure/high temperature (HP/HT) technicpjes utilizing a , 
catalyst/sintering aid under conditions where dia- io 
mond is the thermally stable carbon phase, a variety 
of additional products found favor In the marketplace. 
Polycrystalline diamond compacts, often supported 
on a tungsten carbide support in cylindri 
form, extended the product line for diamond addition- is 
ally. However, the requirement of high pressure and . 
high temperature has been a lirnitatioh in pit)duct con- ; 
figuration, for example. c v "•. . / :: 

Recently, industrial effort directed toward the 
grovi'th of diamond at loW pressures,' where It Is met- 
astable, has ihcrieased di^ 
ability to produce diairibnd by iow-pressui^e isynthesl 
techniques has been known for decades, drawbacks 
including extremely low growth rates prevented wide 
commercial acceptance. Recent developments have 
led to higher growth rates, thus spurring recent indus- 
trial interest in the field. Additionally, the discovery of 
an entirely new class of solids, known as "diamond- 
like" carbons and hydrocarbons, is an. outgrowth of 
such recent work. 

Low pressure growth of diamond has been duk>- 
bed "chemical vapor deposition" or "CVD" in the field. 
Two predominant CVD techniques have found favor in 
the literature. One of these techniques involves the 
use of a dilute mixture of hydrocarbon gas (typically 35 
rnethane) and hydrogen wherein the hydrocarbon 
content usually is varied from about 0.1 % to 2.5% of . 
the total volumetric flow. The gas is introduced via a 
quartz tube located just above a hot tungsten filament 
which is electrically heated to a temperature ranging 40 
from t>etween about 1750" to 2400°C. The gas mbc- 
ture disassociates at the filament surface and dia- 
monds are condensed onto a heated substrate placed 
just t^low the hot tungsten filament The substrate is 
held in a resistance heated boat (often molybdenum) 45 
and heated to a temperature in the region of about 
500° to 11 00"C. oi* the substrate can be heated by the 
filament 

The second technique involves the imposition of 
a plaisma discharge of the foregoingfilanrient process. so 
The plasma discharge serves to increase the nucle- 
ation density, growth rate, and it Is believed to en- 
hance formation of diamond films as opposed to dis- . 
Crete diamond particles. Of the plasma systems that 
have been utilized in this area, there are three basic ss 
systems. One is a mio-owave plasma system, the 
second is an RF (inductively or capacitively coupled) 
plasma system, and the third is a d.c. plasrha system. 
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The RF and microwave plasma systems utilize, rela- 
tively complex and expensive equipment^ usiir- 
ally requires complex tuning or matching networks to 
electrically couple electrteal energy to the generated 
plasjrnai V^dditJ^ growth rate of- 

fered by these iwo systerhs can be quite modest 

Heretofore, CVD diamond has been coated onto 
tungsten carbide or other substrates to make cutting 
tod Inserts (U.S. Pat Nos. 4.707.384 and 4^731,296) 
or co-deposited with boron or another element for 
making semiconductors (6.g. ^EP^pi^ublic^tipns .f^^ 
286,306 and 282^054). Commonly-assigned applica- 
tion Serial No. 583,367, filed August 7. 1990, disclo- 
ses a CVQ reactor especially adapted to . coat twist 
drQls with a layer of CVD diamond, such as the CVD 

: diamond coated twist drill In conrvnonly-assigned U.S. 
Pat No. 5,022,801. 

Broadly, the present Invention Is. di^^^^ to a 
method for the selective deposition of chemical vapor 

vdeposition (CVD) diamond on a surface of a sub- 
strate. The method comprises the steps of masking 
an area of said surface not to be coated with CVD di- 
annond with a coating material that prevents CVD di- 
iamond foirnation. Jhe.sul^trate.the^^ 
a CVD diamond deposition process for cpatlnig a layer 
of CVD diamond on the substrate in the, unmasked 
areas only. Advantageously, the surface first is coat- 
ed with a layer of material that promotes CVD dia- 
mond formation and then the coated substrate is sub-^ 
jected to the masking step of the method. Advanta- 
geously, the substrate cornprises a wherein , 
the sur^ces perpendicular to the main shear planes 
involved in drilling, such as the, planes forming the 
cuttin0 edge of ^ 

while ihe rem dirilj reniairi un^., 

C6ateP-^.i-;t^X ,1. "^"i/A^^ )<X--H:K.'ti}^.i' •i;;^; UT^^UV/^/ 

Advantages of the present invention include .the . 
abllitj^iaselecSiA^ GN/D diaitiondi^v^^ 

advalriifeige is tlHe^bilily to^^^ pattens of CVD 
amorid layers apiplied tD suBsi^e. Another a^^ 

is the.abiljty to promote the fonnation of chemi^. 
cal vapon deposition diamond by coating such areas . 
with a material that promotes ^vp'diamd 
tion. T^iese and^ ap^; 
parerit^to tnose^^^^ ^t baseid uj^^ th^^dls^.. 

closure, rantained herein, {..i^M^y^ irr-v^^: 

Twist drills are used e)d6hs;ively iri the industrial ^ 
world/ TTie hisurdest and longi^tJasJ^ twist drills a^^^^ 
manufactured of tungsteri^'c^rBide. liven Wh^sten'c^r- 
bide twist drills, however, suffer premature feilure 
when drilling some composite materials. One means 
for making such twist drills even harder Is to deposit 
a coating of CVD diamond thereon. The performance 
of CVD diamond-coated twist drills does not depend 
on retaining the diamond film over most of the areas 
of the drill since many areas of the twist drill do not 
present a cutting edge and, therefore, are not directly 
involved in cutting performance. Rather, twist drill 
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performance can be improved if the CVD diamond 
layer is retained on the cutting edge of the drill. Ex- 
perience has revealed that CVD diamond is retained 
on surfaces perpendicular to the main shear planes 
invdved in drilling, such as the plane forming the cut- 
ting edge of the drill. It would be an advantage, there- 
fore, to control the areas of the twist drill to be coated 
with CV6 diamond whQe leaving the remaining sur- 
faces not Involved In the cutting action uncoated. 

Advantageously, the twist drill or other substrate 
to be coated with CVD diamond is first coated with a 
materia! that promotes CVD diamond deposition and 
adhesion. Such materials include, for example, titani- 
um, chronium, niobium, molybdenum, tungsten, and 
the like, and mixtures and alloys thereof. Such mate- 
rials can be coated onto the twist drill or other sub- 
strate by a variety of techniques including, for exam- 
ple, electroless plating and. electroplating, chemical 
vapor deposition techniques, plasma flame techni- 
ques, and a variety of additional techniques well 
known in the art 

In the next step of the method, the areas of the 
substrate which do not need to be coated with dia- 
mond then are selectively coated with a second coat- 
ing that promotes sooting rather than diamond de- 
position during the CVD process. This coating can be 
made from materials including, for example, cobalt, 
nickel, iron, and the like, and mixtures and alloys 
thereof. Again, in order to form the second coating 
pattern, the twist drill or other substrate can be first 
masked with a material that prevents the cobalt or 
other material from adhering to the substrate. Numer- 
ous maskants in the electroplating and electroless 
plating art are available and include, for example, the 
A29 4000 series of photoresists sold by Hoechst AG, 
Somerville, N J. 

With respect to conventional CVD processes 
useful in the present invention, hydrocarbon/hydro- 
gen gaseous mixtures are fed inito a CVD reactor as 
an initial step. Hydrocarbon sources can Include the 
methane series gases, e.g. methane, ethane, pro- 
pane; unsaturated hydrocarbons, e.g. ethylene, acet- 
ylene, cydohexene, and benzene; and the like. Me- 
thane, however, is preferred. The molar ratio of hy^ 
drocarbon to hydrogen broadly ranges from about 
1:10 to about 1:1,000 with afciout 1:100 being prefer- 
red. This gaseous nribcture optionally may be diluted 
with an inert gas, e.g. argon, the gaseous mixture is 
at least partially decomposed thermally by one of 
several techniques known in the art One of these 
techniques involves the use of a hot filament which 
normally Is formed of tungsten, molybdenum, tanta- 
lum, or alloys thereof. U.S. Pat No, 4,707,384 illus- 
trates this process. 

The gaseous mixture partial decomposition also 
can be conducted wfth the assistance of d.c. dis- 
charge or radio frequency electromagnetic radiation 
to generate a plasnfia, such as proposed in U.S. Pats. 



Nos. 4.749,587, 4,767,608, and 4,830,702; and U.S: >: 
Pat No. 4,434,1 88 with respect to use of microwaves. 
The substrate may be bombarded with electrons dur- 
ing the CVD decomposition process in' accordance- 

5 with U.S. Pat No. 4,740,263. . 

Regardless of the particular method used in gen^ ' 
erating the parti^ly decomposed gaseous mixture,^ 
the substrate is maintained at an elevated CVD dia- 
mond-forming temperature which' typically ranges^ 

10 from about 500** to 1100° C and preferably in the 
range of about 850** to 950° C where diamond growth 
is at its highest rate in order to minimize grain size. 
Pressures in the range of firom about 0.01 to 1000 
Torr, advantageously about 100-800 Torr, ara taught 

15 in the art with reduced pressure being preferred. De- 
tails on CVD processes additionally (^n be reviewed 
by reference to Angus, etaL, "Low-pressure, Melast- 
able Growth of Diamond and 'Diamondlike' Phases", 
Science, vol. 241, pages 913-921 (August 19, 1988); 

20 and Bachmann, a/., "Diamond Thin Films", Chenh 
ical and Engineering News, pages 24-39 (May 15. 
1989). The disclosures of all citations herein are ex- 
pressly incorporated herein by reference. 
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Claims 



1 . A met hod for the selective deposition of chemical 
vapor deposition (CVD) diamond on a surface of 
30 a substrate, which comprises the steps of : 

(a) masking an area of said surface not to be 
coated with CVD diamond with a coating of 
material that prevents CVD diamond forma- 
tion; 

35 (b) subjecting said substrate to a CVD dia- 

mond deposition process for coating a layer of 
CVD diamond on said substrate in the un- 
masked area only. 

40 2. The method of Claim 1 wherein said surface in 
step (a) is masked with one or more of Co, Ni, and 
Fe. 

3. The method of Claim 1 or Claim 2 wherein said 
45 ' surface is first coated with a layer of material that 
promotes CVD diamond formation and then said 
coated substrate is subjected to step (a) of the 
method. 

50 4. The method of Claim 3 wherein said surface is 
first coated with a layer of material which is one 
or more of Ti, Cr, Nb„ Mo, and W. 

5. The method of Qaim 3 or Claim 4 wherein said 
55 first coated surface is covered wit h a maskant for 

the area to be coated with a layer of CVD dia- 
mond, said coated surface then is subjected to 
step (a), the maskant then is removed, and the 
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coated surface is subjected to step (b). 

6- The method of any preceding claim wherein said .; ?= 
substrate comprses a twist drfll: . • . ■ T : * : 

. • ■/ 5 .-^ 

7. The method of Claim 6 wherein said twist drill is " 
formed from tungsten caibide.v..r>t^.- y;^:^'^::. -;.:-; . wih ^ -- 

8. The method of Claim 6 wherein said twist drill is. 'r^ ^ 
formedfTOmmetai.i^-: . .-1.:-^: ' v - to.?^- 

' • .- . • ■ •. ■ v , •; 

^ • •• .; * -.V..; ■ -rj'v-^, '•: 15 )'■■ 
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